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Summary
Background:  Infective  endocarditis  (IE)  is  known  to  be  a  life-threatening  disease  and  invasive
dental procedures  are  considered  to  be  important  factors.  Oral  amoxicillin  (AMPC)  is  widely
used for  prophylaxis  in  patients  with  heart  disorders  who  are  at  risk  for  IE.  However,  there  is
only limited  information  regarding  the  inhibition  of  oral  bacteria  by  AMPC.
Methods and  results:  Dental  plaque  specimens  were  obtained  from  120  healthy  Japanese  adult
subjects,  then  diluted  and  streaked  onto  selective  medium  for  oral  streptococci.  The  minimum
inhibitory concentration  (MIC)  of  AMPC  was  evaluated  using  a  macro-dilution  method  by  Clinical
Laboratory  Standard  Institute  (2006).  Seven  strains  with  an  MIC  of  AMPC  of  16  g/mL  or  more
were isolated  from  5  subjects.  The  bacterial  species  were  conﬁrmed  by  sequence  analysis  of  16S
rRNA from  each  strain,  which  demonstrated  that  most  were  Streptococcus  sanguinis,  followed
by Streptococcus  oralis.  Dental  plaque  specimens  collected  from  these  5  subjects  again  after
an interval  of  2—3  months  possessed  no  strains  with  an  MIC  of  AMPC  of  16  g/mL  or  more.
Conclusions:  These  ﬁndings  suggest  that  strains  with  a  high  MIC  of  AMPC  are  present  in  the  oral
cavities  of  Japanese  adults,  though  they  may  be  transient  rather  than  inhabitants.
 Car© 2012  Japanese  College  of∗ Corresponding author at: Department of Pediatric Dentistry,
Division of Oral Infection and Disease Control, Osaka University
Graduate School of Dentistry, 1-8 Yamada-oka, Suita, Osaka 565-
0871, Japan. Tel.: +81 6 6879 2963; fax: +81 6 6879 2965.
E-mail address: nakano@dent.osaka-u.ac.jp (K. Nakano).
I
I
d
p
t
0914-5087/$ — see front matter © 2012 Japanese College of Cardiology. 
doi:10.1016/j.jjcc.2011.12.004diology.  Published  by  Elsevier  Ltd.  All  rights  reserved.
ntroduction
nfective  endocarditis  (IE)  is  known  to  be  a  life-threatening
isease,  with  formation  of  vegetation  composed  of  ﬁbrin,
latelets,  and  pathogenic  bacteria  on  the  endothelium  of
he  heart  causative  of  various  clinical  symptoms  [1].  Nation-
Published by Elsevier Ltd. All rights reserved.
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ide  surveys  in  Japan  conducted  around  2000  revealed  that
pproximately  half  of  the  isolated  pathogenic  bacteria  were
treptococci,  followed  by  staphylococci  at  a  rate  of  approx-
mately  35%  [2,3]. Invasive  dental  procedures,  such  as  tooth
xtraction  and  periodontal  surgery,  are  considered  to  be
ajor  causes  that  induce  bacteremia,  which  can  lead  to  the
nset  of  IE  in  individuals  at  risk  for  heart  disorders  [4,5].
hus,  antibiotic  prophylaxis  with  amoxicillin  (AMPC)  1  h  prior
o  invasive  oral  procedures  is  widely  recommended  [6].  The
oncentration  of  AMPC  in  the  oral  cavity  after  administration
f  a  single  antibiotic  dose  has  been  reported  to  range  from
.1  to  0.5  and  1  to  14  g/mL  in  saliva  and  gingival  crevicu-
ar  ﬂuid,  respectively  [7—10]. In  addition,  the  mean  serum
evel  of  AMPC  at  4  h  after  oral  administration  of  a  3-g  dose
as  found  to  be  8.5  ±  5.1  g/mL  [11].
Repeated  use  of  AMPC  has  been  reported  to  increase  the
umber  of  resistant  oral  streptococcal  strains  [12,13],  and
here  are  several  reports  of  IE  cases  caused  by  penicillin-
esistant  strains  even  though  antibiotics  were  administered
14,15].  We  recently  investigated  the  prevalence  of  oral
treptococcal  species  with  high  values  for  the  minimum
nhibitory  concentration  (MIC)  of  AMPC  in  dental  plaque
pecimens  taken  from  253  healthy  Japanese  children  and
dolescents  [16]. That  study  demonstrated  that  approxi-
ately  5%  of  the  subjects  possessed  strains  with  an  MIC  of
MPC  of  16  g/mL  or  more,  while  those  strains  were  not
nhabitants  of  the  oral  cavity  but  rather  transient.  In  the
resent  study,  we  collected  dental  plaque  specimens  from
20  healthy  adults  to  investigate  the  prevalence  of  AMPC-
esistant  strains  in  Japanese  adults  and  determine  whether
hese  strains  are  transiently  present  or  inhabitants  of  the
ral  cavity.
ethods
ubjects  and  clinical  specimens
he  protocols  used  in  this  study  were  approved  by  the
thics  Committee  of  Osaka  University  Graduate  School  of
entistry  (reference  number:  H22-E1-1).  Before  collecting
pecimens,  the  subjects  were  informed  of  the  study  con-
ents  and  gave  approval  for  their  participation.  A  total  of  120
on-dentist  volunteers  (58  males,  62  females;  20—60  years
f  age,  median  30  years  old)  who  work  at  Osaka  University
raduate  School  of  Dentistry  or  students  of  the  School  of
entistry  participated  in  the  present  study.  Specimens  were
ollected  from  December  2010  to  May  2011.  Subjects  who
ad  complications  with  systemic  diseases  or  who  had  been
aking  antibiotics  for  at  least  3  months  were  excluded.  Fol-
owing  mouth  washing  with  water,  supra-  and  sub-gingival
laque  specimens  were  collected  from  all  teeth  with  a  ster-
le  instrument,  then  placed  into  sterile  plastic  tubes  in
terile  saline  on  ice  and  transported  to  our  laboratory,  where
he  following  procedures  were  performed.
solation  of  amoxicillin-resistant  oral  streptococcal
trainstrains  with  high  MIC  values  for  AMPC  were  isolated  by
 method  described  previously  using  mitis  salivarius  (MS)
gar  (Beckton  Dickinson,  Sparks,  MD,  USA)  containing  AMPC
f
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32  g/mL)  (MS-AMPC)  [16]. To  identify  different  clones,
andom  ampliﬁed  polymorphic  DNA  (RAPD)  analysis  was  per-
ormed  using  Ready-To-Go  RAPD  analysis  beads  and  6  primers
GE  Healthcare,  Chalfont  St  Giles,  UK)  (P1:  5′-GGT  GCG  GGA
-3′;  P2:  5′-GTT  TCG  CTC  C-3′; P3:  5′-GTA  GAC  CCG  T-3′; P4:
′-AAG  AGC  CCG  T-3′; P5:  5′-AAC  GCG  CAA  C-3′; P6:  5′-CCC
TC  AGC  A-3′),  which  comprised  45  cycles  of  denaturing  at
5 ◦C  for  1  min,  annealing  at  36 ◦C  for  1  min,  and  extension  at
2 ◦C  for  2  min.  Amplicons  were  separated  by  electrophore-
is  on  1.5%  agarose  gels.
etermination  of  MIC  of  AMPC
he  MIC  of  AMPC  for  each  strain  was  determined  using  a
acro-dilution  broth  method  previously  described  by  Clin-
cal  and  Laboratory  Standards  Institute  (CLSI)  [17]. Brieﬂy,
amples  consisting  of  950  L of  Mueller—Hinton  broth  (Beck-
on  Dickinson)  supplemented  with  5%  deﬁbrinated  sheep
lood  (Nippon  Biotest  Laboratories  Inc.,  Tokyo,  Japan)  and
ontaining  a  2-fold  serial  dilution  of  AMPC  were  placed  in
terile  13  mm  ×  100  mm  test  tubes.  Test  strains  were  cul-
ured  in  brain—heart  infusion  (Beckton  Dickinson)  at  37 ◦C
or  18  h  and  washed,  then  5  ×  105 colony  forming  units  (CFU)
ere  added  to  tubes  containing  the  antimicrobial  agents  and
ncubated  at  37 ◦C  for  18  h.  The  breakpoints  of  AMPC  con-
entrations  were  set  based  on  the  description  by  CLSI  [17],
s  follows:  Susceptible  (S,  ≤0.25  g/mL);  Intermediate  (I,
.5—4  g/mL);  and  Resistant  (R,  ≥8  g/mL).
peciﬁcation  of  bacterial  species
acterial  species  were  determined  using  a  method  described
reviously  [16]. First,  cultured  bacterial  cells  were  col-
ected  in  a  micro-centrifuge  tube,  and  incubated  with
-acetylmuramidase  SG  (Seikagaku  Corp.,  Tokyo,  Japan)  and
ysozyme  (Wako  Pure  Chemical  Industries,  Osaka,  Japan).
hen,  genomic  DNA  was  extracted  using  a  Gentra  Puregene
east/Bact.  Kit  B  (QIAGEN,  Hilden,  Germany),  according  to
he  manufacturer’s  instructions.  Next,  16S  rRNA  sequences
f  approximately  1500  bp  were  ampliﬁed  by  PCR  using  Ampli-
aq  Gold  polymerase  (Applied  Biosystems/Life  Technologies,
arlsbad,  CA,  USA)  with  primers  8UA  (5′-AGA  GTT  TGA
CC  TGG  CTC  AG-3′) and  1540R  (5′-AAG  GAG  GTG  ATC
AG  CC-3′).  The  obtained  sequences  were  compared  with
hose  available  in  the  GenBank,  EMBL,  and  DDBJ  databases
sing  the  gapped  BLASTN  2.0.5  program  obtained  from
he  National  Center  for  Biotechnology  Information  server
http://www.ncbi.nlm.nih.gov/BLAST/).
nalysis  of  specimens  from  subjects  possessing
trains with  high  MIC  values  for  AMPC
ubjects  with  strains  with  an  MIC  of  AMPC  16  g/mL  or
reater  were  selected.  A  total  of  20  colonies  from  these  sub-
ects  were  grown  on  MS  agar  plates  and  randomly  selected.
peciﬁcation  of  the  species  in  these  colonies  was  per-
ormed  by  the  method  described  above.  In  addition,  we
gain  attempted  to  isolate  strains  with  an  MIC  of  AMPC  of
6  g/mL  or  greater  from  those  subjects  at  a second  visit
—3  months  later  using  MS-AMPC  agar  plates.
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Evaluation  of  MIC  values  of  other  antibiotics
We  also  evaluated  the  MICs  of  4  other  antibiotics,  including
ampicillin  (ABPC),  penicillin  G  (PCG),  erythromycin  (EM),
and  levoﬂoxacin  (LVFX),  using  strains  with  high  MIC  values
for  AMPC,  with  the  method  described  above.  In  addition,  the
MICs  for  Streptococcus  sanguinis  ATCC10556  and  Streptococ-
cus  oralis  ATCC10557  were  also  evaluated  as  references.
Results
Identiﬁcation  of  strains  with  high  MIC  values  for
AMPC
Five  subjects  (4.2%)  harbored  oral  streptococcal  strains  with
an  MIC  of  AMPC  of  16  g/mL  or  more  (Table  1).  In  4  sub-
jects,  only  a  single  strain  was  isolated  (Subjects  A  through
D),  whereas  3  strains  were  isolated  in  1  subject  (Subject  E).
Speciﬁcation  of  the  bacterial  species  by  16S  rRNA  alignment
revealed  that  S.  sanguinis  was  possessed  by  all  5  subjects,
while  S.  oralis  was  also  identiﬁed  in  Subject  E.  RAPD  analy-
sis  demonstrated  that  2  S.  sanguinis  strains  (KM11082-1  and
KM11082-3)  identiﬁed  in  Subject  E  were  different  genotypes
(Fig.  1A).  The  MIC  values  for  AMPC  of  these  7  strains  ranged
from  16  to  128  g/mL.
Analysis  of  the  specimens  from  the  subjects  with
AMPC-resistant strains
Twenty  strains  from  Subjects  A  through  E  were  randomly
selected  from  MS  agar  plates  and  the  species  were  com-
pared  based  on  16S  rRNA  sequences  (Table  2).  S.  sanguinis
was  isolated  from  Subjects  A,  B,  and  D,  who  possessed  1,
7,  and  2  strains,  respectively.  The  RAPD  patterns  of  the  7
strains  isolated  from  Subject  B  were  divided  into  a  group
of  5  strains  (KM11011-21  through  KM11011-25)  and  a  group
of  2  strains  (KM11011-26  and  KM11011-27),  based  on  their
consistent  features.  In  Subject  D,  the  ﬁngerprinting  pat-
terns  of  KM11034-21  and  KM11034-22  were  the  same,  and
RAPD  analyses  revealed  that  those  ﬁngerprinting  patterns
were  not  consistent  with  those  of  S.  sanguinis  isolated  on
the  MS-AMPC  agar  plates  (Fig.  1B—D).  After  a  2—3  months
a
r
ﬁ
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Table  1  Strains  with  high  MIC  values  for  amoxicillin  isolated  from
Subjects  Age  in  years/gender  Strain  Spec
A  53/F  KM11007-1  Stre
B 31/M  KM11011-1  Stre
C 32/F  KM11012-1  Stre
D 40/M  KM11034-1  Stre
E 26/M KM11082-1  Stre
KM11082-2  Stre
KM11082-3  Stre
MIC, minimum inhibitory concentration; BLAST, basic local assignment 
a Species were determined based on the 16S rRNA sequence of each s
Numbers shown as percentages represent the homology of the strains d
b MICs for amoxicillin, as determined by CLSI.287
nterval,  there  were  no  strains  isolated  from  the  subjects  in
he  second  collection  of  specimens.
IC  values  for  other  antibiotics
valuation  of  the  4  other  antibiotics  (ABPC,  PCG,  EM,  LVFX)
sing  strains  with  high  MIC  values  for  AMPC  showed  that
he  MIC  values  of  all  tested  antibiotics  with  these  strains,
xcept  for  KM11012-1  isolated  from  Subject  C,  were  also
uch  higher  than  those  of  standard  strains  (Table  3).  As  for
train  KM11012-1,  the  MIC  values  for  ABPC  and  PCG  were
bove,  whereas  those  of  EM  and  LVFX  were  below  the  level
f  resistance.
iscussion
 recent  retrospective  study  that  analyzed  155  IE  cases
reated  at  a Japanese  university  hospital  from  1990  to
006  reported  that  there  were  no  penicillin-resistant  strains
etected,  while  the  MICs  of  the  isolated  strains  for  peni-
illin  G  and  AMPC  were  lower  than  0.125  and  0.5  g/mL,
espectively  [18]. That  ﬁnding  is  nearly  consistent  with  our
revious  analysis  of  39  oral  streptococcal  strains  isolated
rom  the  blood  of  patients  with  IE  or  bacteremia  after  tooth
xtraction  in  1986—1993,  in  which  the  MICs  for  AMPC  ranged
rom  0.063  to  1  g/mL  [16]. On  the  other  hand,  our  most
ecent  study  showed  that  strains  with  high  MIC  values  for
MPC  were  present  in  the  oral  cavities  of  healthy  children
16].  We  speculated  that  these  strains  could  also  be  present
n  healthy  adult  subjects,  though  there  are  few  studies  of
his  topic.  Therefore,  we  performed  the  present  analysis  of
trains  with  high  MIC  values  for  AMPC  using  dental  plaque
pecimens  taken  from  healthy  adult  subjects.
The  emergence  of  penicillin-resistant  strains  causing  IE  is
ncreasingly  recognized  worldwide  [19,20]  and  several  case
eports  have  presented  episodes  of  IE  caused  by  penicillin-
esistant  strains.  One  of  those  described  a  case  of  apparent
ailure  of  prophylaxis  for  IE  due  to  the  presence  of  penicillin-
esistant  Streptococcus  mitis  (MIC,  1  g/mL)  [14], while
nother  was  a  case  of  multivalvular  IE  caused  by  penicillin-
esistant  S.  sanguinis  (MIC,  3  g/mL)  [15]. Together,  these
ndings  suggest  a  prevalence  of  penicillin-resistant  strains
n  the  oral  cavity.  In  fact,  a  nationwide  survey  conducted
 5  subjects.
ies  with  maximum  homologya MICb (g/mL)
ptococcus  sanguinis  (ATCC10556  —  99%)  128
ptococcus  sanguinis  (ATCC10556  —  99%)  64
ptococcus  sanguinis  (ATCC10556  —  99%)  16
ptococcus  sanguinis  (ATCC10556  —  99%)  64
ptococcus  sanguinis  (ATCC10556  —  99%)  64
ptococcus  oralis  (ATCC35037  —  99%)  128
ptococcus  sanguinis  (ATCC10556  —  99%)  64
search tool; CLSI, Clinical and Laboratory Standards Institute.
train. Data in parentheses indicate the results of a BLAST search.
escribed in the former part.
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Figure  1  Random  ampliﬁed  polymorphic  DNA  ﬁngerprinting  patterns  of  representative  strains.  (A)  Comparison  of  strains  isolated
from MS-amoxicillin  (AMPC)  agar  plates  of  Subject  E.  Lanes  1  and  4:  KM11082-1;  Lanes  2  and  5:  KM11082-2;  Lanes  3  and  6:  KM11082-
3; M,  molecular  marker  (100-bp  ladder).  (B)  Comparison  of  strains  isolated  from  MS-AMPC  and  MS  agar  plates  of  Subject  A.  Lanes
1 and  3:  KM11007-1;  Lanes  2  and  4:  KM11007-21;  M,  molecular  marker  (100-bp  ladder).  (C)  Comparison  of  strains  isolated  from
MS-AMPC and  MS  agar  plates  of  Subject  B.  Lanes  1  and  4:  KM11011-1;  Lanes  2  and  5:  KM11011-21;  Lanes  3  and  6:  KM11011-26;  M,
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rolecular marker  (100-bp  ladder).  (D)  Comparison  of  strains  is
: KM11034-1;  Lanes  2  and  5:  KM11034-21;  Lanes  3  and  6:  KM11
n  Japan  that  analyzed  848  cases  in  2000  and  2001  demon-
trated  that  6.6%  of  the  streptococcal  strains  isolated  from
E  cases  were  resistant  to  penicillin  [3].  In  the  present  study,
e  found  strains  with  MIC  values  for  AMPC  of  16  g/mL  or
ore  in  approximately  4%  of  healthy  adult  subjects,  which
s  nearly  consistent  with  that  of  healthy  children  shown  in
hat  recent  study.
Repeated  use  of  AMPC  has  been  reported  to  increase  the
umber  of  resistant  oral  streptococcal  strains  [12,13,21].
herefore,  it  is  speculated  that  an  increased  number  of
MPC-resistant  strains  may  exist  in  subjects  at  risk  for  IE
ho  receive  antibiotic  prophylaxis  during  invasive  dental
reatments  as  compared  to  healthy  subjects.  In  addition,
onsecutive  administrations  are  considered  to  contribute  to
acterial  resistance  [22]. In  1999,  Nishi  et  al.  [23]  inves-
igated  the  MICs  of  AMPC  for  60  oral  streptococcal  strains
solated  from  the  oral  cavities  of  31  Japanese  children  (mean
ge,  6.7  years)  at  risk  for  IE  and  found  13  strains  with  an  MIC
f  4  g/mL,  5  strains  with  that  of  8  g/mL,  and  1  strain  with
hat  of  16  g/mL.  In  our  recent  investigation,  approximately
%  of  the  oral  streptococci  harbored  by  healthy  Japanese
hildren  showed  an  MIC  of  16  g/mL  or  more  [16], while
he  present  study  ﬁndings  showed  that  approximately  4%  of
ealthy  Japanese  adults  possess  these  strains.  A  large-scale
urvey  to  determine  the  presence  of  AMPC-resistant  strains
n  subjects  who  receive  antibiotic  prophylaxis  is  needed.
t
w
t
td  from  MS-AMPC  and  MS  agar  plates  of  Subject  D.  Lanes  1  and
22;  M,  molecular  marker  (100-bp  ladder).
The  present  results  demonstrated  that  AMPC-resistant
trains  are  also  resistant  to  other  antibiotics,  such  as  ABPC,
CG,  and  EM,  which  is  consistent  with  a  previous  study  con-
ucted  in  the  UK  in  2004  [24]. In  addition,  another  study
nalyzed  155  blood  isolates  of  oral  streptococcal  strains  iso-
ated  from  1993  to  2000  and  showed  that  penicillin-resistant
trains  were  also  resistant  to  other  antibiotics  [25]. In  our
revious  analysis  of  children,  strains  with  high  MIC  values
or  AMPC  were  found  to  be  susceptible  to  LVFX,  while  our
resent  results  demonstrated  that  most  of  the  strains  with
igh  MIC  values  of  AMPC  were  also  resistant  to  LVFX.  Further
tudies  should  focus  on  searching  for  other  kinds  of  antibi-
tics  effective  for  these  strains.  On  the  other  hand,  strain
M11012-1,  isolated  from  Subject  C  with  a  lower  MIC  value
or  AMPC  (16  g/mL)  than  the  other  strains  isolated  from
S-AMPC  plates,  also  showed  lower  MIC  values  for  other
ntibiotics,  especially  EM  and  LVFX.  Thus,  it  is  possible  to
peculate  that  strains  with  lower  MIC  values  for  AMPC  may
e  susceptible  to  various  antibiotics  even  when  AMPC  and
everal  other  antibiotics  are  ineffective.
The  present  study  demonstrated  that  the  distribution
ate  of  AMPC-resistant  strains  in  adults  is  nearly  consis-
ent  with  that  in  children.  In  addition,  strains  in  adults
ere  also  shown  to  be  transiently  present  and  not  inhabi-
ants.  Analyses  of  multiple  specimens  obtained  at  different
imes  from  the  present  subjects  who  did  not  harbor
Amoxicillin-resistant  oral  streptococci  289
Table  2  Comparisons  of  isolated  strains  grown  on  MS-AMPC  and  MS  agar  plates.
Subjects  Isolated  strains  obtained
from  MS-AMPC  agar  plates
Species  Species  of  isolated  strains
obtained  from  MS  agar
plates  (n  =  20)a
A  KM11007-1 Streptococcus  sanguinis Streptococcus  anginosus  (13)
Streptococcus  oralis  (3)
Streptococcus  mutans  (1)
Streptococcus  sanguinis  (1)b
Streptococcus  mitis  (1)
Streptococcus  gordonii  (1)
B KM11011-1 Streptococcus  sanguinis Streptococcus  sanguinis  (7)c
Streptococcus  mutans  (5)
Streptococcus  mitis  (4)
Streptococcus  gordonii  (3)
Streptococcus  oralis  (1)
C KM11012-1 Streptococcus  sanguinis Streptococcus  mitis  (13)
Streptococcus  anginosus  (7)
D KM11034-1 Streptococcus  sanguinis Streptococcus  anginosus  (9)
Streptococcus  mitis  (6)
Streptococcus  sanguinis  (2)d
Streptococcus  oralis  (1)
Streptococcus  gordonii  (1)
Streptococcus  cristatus  (1)
E KM11082-1  Streptococcus  sanguinis Enterococcus  faecalis  (20)
KM11082-2 Streptococcus  oralis
KM11082-3  Streptococcus  sanguinis
AMPC, amoxicillin.
a Numbers in parentheses indicate number of isolated strains.
b Strains designated as KM11007-21.
c Strains designated as KM11011-21 through KM11011-27.
d Strains designated as KM11034-21 and KM11034-22.AMPC-resistant  strains  should  have  been  performed  in  this
study  for  clarity.  It  is  well  known  that  oral  pathogens  for
dental  caries  and  periodontal  diseases  in  children  are  trans-
mitted  from  individuals  who  are  in  close  contact  with  them,
s
m
i
i
Table  3  Antibiotics  susceptibility  of  reference  and  highly  amoxic
Strains  Species  MICs  (g/mL)  fo
AMPC  
S:  ≤0.25  
I: 0.5—4  
R: ≥8  
ATCC10556 Streptococcus  sanguinis  0.25  
ATCC10557 Streptococcus  oralis  0.125  
KM11007-1 Streptococcus  sanguinis  128  
KM11011-1 Streptococcus  sanguinis  64  
KM11012-1 Streptococcus  sanguinis 16  
KM11034-1 Streptococcus  sanguinis 64
KM11082-1 Streptococcus  sanguinis 64  
KM11082-2 Streptococcus  oralis  128  
KM11082-3 Streptococcus  sanguinis  64  
R, Resistant; I, Intermediate; S, Susceptible, as designated by CLSI (2
Laboratory Standards Institute; ABPC, ampicillin; PCG, penicillin G; EMuch  as  their  mothers  [26,27],  thus  AMPC-resistant  strains
ay  also  be  prevalent  among  family  members.  Future  stud-
es  should  focus  on  the  distribution  of  these  strains  in
ndividual  families.
illin-resistant  strains.
r  various  antibiotics,  as  determined  by  CLSI
ABPC  PCG  EM  LVFX
S:  ≤0.25  S:  ≤0.12  S:  ≤0.25  S:  ≤2
I:  0.5—4  I:  0.25—2  I:  0.5  I:  4
R:  ≥8  R:  ≥4  R:  ≥1  R:  ≥8
0.25  0.031  0.031  0.5
0.25  0.063  0.063  1
64  >128  64  >128
64  >128  32  >128
16  16  0.5  1
64  >128  64  >128
32  64  128  16
128  >128  128  >128
64  128  128  16
006). MIC, minimum inhibitory concentration; CLSI, Clinical and
, erythromycin; LVFX, levoﬂoxacin.
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[27] Lapirattanakul J, Nakano K, Nomura R, Hamada S, Nakagawa I,90  
Our  RAPD  analyses  demonstrated  that  the  strains  isolated
rom  MS-AMPC  agar  plates  were  not  present  among  20  strains
andomly  picked  up  from  the  MS  agar  plates.  This  ﬁnding
ndicates  that  the  strains  with  high  MIC  values  for  AMPC  are
resent  among  only  a  small  portion  of  whole  oral  bacte-
ia  even  in  subjects  who  harbor  strains  resistant  to  AMPC.
herefore,  in  those  subjects,  it  is  possible  to  speculate  that
ost  inhabited  bacteria  capable  of  invading  the  bloodstream
ould  be  susceptible  to  AMPC,  thus  lowering  the  risk  for
nset  of  IE  by  its  administration.
onclusion
ur  ﬁndings  suggest  that  strains  with  high  MIC  values  for
MPC  are  present  in  the  oral  cavities  of  healthy  Japanese
dults.  In  addition,  individuals  at  risk  for  IE  may  also  possess
trains  with  high  MIC  values  for  AMPC.  Clinicians  should  bear
n  mind  that  AMPC  prophylaxis  may  not  completely  eliminate
acteria  pathogenic  for  IE  from  blood  in  some  rare  cases.
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